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(57) A pair of pole assemblies (12, 1 4) are disposed 
on opposite sides of an examination region (10). A fer- 
rous flux return path includes an overhead ferrous struc- 
ture (18) above the upper pole assembly and a lower 
ferrous structure (20) adjacent to the lower pole assem- 
bly. The pole assemblies include a Rose ring assembly 
(34) having axially spaced segments (40, 42) with an 
axial gap (44) in between. Magnetic attractive forces be- 
tween an annular magnet (30) and the Rose ring urge 
the Rose ring and the magnet into an axially centered 
alignment. The magnet of the upper pole piece assem- 
bly (12) is attracted toward the overhead ferrous struc- 
ture (1 8) and toward the lower pole piece assembly (1 4), 
as well^as toward the Rose ring. The magnet is also po- 
sitioned such that the magnetic attractive forces be- 
tween the magnet and the Rose ring dominate magnetic 
attractive forces between the overhead ferrous structure 
and the magnet. In this manner, the magnet is subject 
to a net force toward an axially balanced position, such 
that the force does not change sign during ramp up and 
ramp down. 
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Description 

[0001] The present invention relates to the field of 
magnetic resonance. It finds particular application in 
conjunction with diagnostic imaging at surgical sites and s 
will be described with particular reference thereto. How- 
ever, it is to be appreciated that the invention will also 
find application in other magnetic imaging, spectrosco- 
py, and therapy applications. 

[0002] Early magnetic resonance imaging systems 10 
were based on solenoid magnets. A series of annular 
magnets were placed around the bore through which a 
magnetic field was generated longitudinally. A patient 
was selectively moved axialty along a horizontal axis of 
the bore to be positioned for imaging. Magnetic reso- '5 
nance imaging systems with solenoid magnets raised 
problems of claustrophobia with some patients. Moreo- 
ver, access to the subject for surgical procedures, min- 
imally invasive procedures, physiological tests, equip- 
ment access, and the like was limited and awkward. 20 
[0003] To provide for patient access and reduce any 
claustrophobic effects, open or vertical field magnets 
have been devised. Open magnets typically include an 
upper pole, a lower pole, and a ferrous flux path con- 
necting them. The ferrous flux path is typically in the 25 
form of a C, an H, a four poster arrangement, ferrous 
plates in ceilings and walls, or the like. Although less 
energy efficient, the magnetic flux can return through the 
air or through other constructions with less magnetic 
susceptibility than a ferrous return path. 30 
[0004] In order to improve the homogeneity of mag- 
netic flux through the gap between the pole pieces, var- 
ious constructions have been provided at the poles. Typ- 
ically, each pole includes a large ferrous pole piece 
which may be shaped or contoured to improve magnetic 35 
flux uniformity. Typically, a heavy ferrous ring, known as 
a Rose ring, was positioned around the circumference 
of the pole piece, often extending beyond the pole piece 
towards the patient to drive the magnetic flux towards 
the central axis of the patient receiving gap. The magnet 40 
is often positioned offset toward the flux return path from 
the Rose ring. 

[0005] Typically, a super-conducting magnet has 
been provided at each pole. In the presence of a mag- 
netic field, the pole pieces, Rose ring, and super-con- 
ducting magnets attracted towards each other with a 
significant force. It has been found that when this pole 
assembly is spaced from the ferrous return path, there 
is an opposite attraction toward the ferrous return path. 
Balancing or zeroing the forces on the pole assembly so 
permits lighter weight constructions to be used to sup- 
port the pole assemblies. However, the present inven- 
tors have found that when magnets ramp up and ramp 
down, the ramping process is not linear. Rather, during 
a typical ramp up period, the pole assemblies will at 55 
times be attracted toward each other and at other times 
be attracted toward the ferrous flux return path. This os- 
cillation between opposite forces tends to fatigue and 



2 

stress the support assembly. 

[0006] Another disadvantage of placing the coil at the 
axial position of balanced force is that the axial force 
changes with changes in the field. When the coil is shift- 
ed from the balanced force position, the force to in- 
crease the shift grows rapidly. This creates a tendency 
for a small vibrational shift to cascade into catastrophic 
shift forces. To control and avoid such a runaway situa- 
tion, the coil supports are constructed with very high 
stiffness. 

[0007] In the prior art coils, the Rose ring was typically 
shifted axialfy relative to the coil. With the Rose ring po- 
sitioned closer to the subject than the coil, the Rose ring 
tends to saturate with increasing field. This change in 
Rose ring saturation, again causes changes in the rel- 
ative force balance. 

[0006] In accordance with one aspect of the present 
invention, a magnetic resonance apparatus includes a 
magnetic field source which generates a magnetic field 
axialfy through an examination region. A Rose ring is 
disposed adjacent the examination region and posi- 
tioned such that the magnetic field extends axially 
through the Rose ring. The Rose ring includes at least 
two axially displaced Rose ring segments. 
[0009] In accordance with another aspect of the 
present invention, a magnetic resonance method is pro- 
vided. A magnetic field is induced axially through an ex- 
amination region. The homogeneity of the magnetic field 
is improved with an annular Rose ring having a plurality 
of axially separated Rose ring segments surrounding 
the magnetic field. 

[0010] One advantage of the present invention is that 
it facilitates the design of open magnets with stronger 
magnetic fields. 

[0011 ] Another advantage of the present invention is 
that magnetic field homogeneity can be improved. 
[0012] Yet another advantage of the present invention 
is that structural stability can be improved. 
[0013] Yet another advantage resides in the forces on 
driver coils need only be low. 

[0014] Ways of carrying out the invention will now be 
described in detail, by way of example, with reference 
to the accompanying drawings, in which: 

FIGURE 1 Is a perspective view in partial section of 
a magnetic resonance imaging system in accord- 
ance with the present invention; and 

FIGURE 2 is a sectional view of an alternate pole 
assembly for the system of FIGURE 1 . 

[0015] With reference to FIGURE 1 , a patient receiv- 
ing region 10 is defined between an upper pole assem- 
bly 12 and a lower pole assembly 14. A ferrous flux re- 
turn path 16 extends between a circular upper ferrous 
structure 18 disposed adjacent but displaced from the 
upper pole assembly 12 and a lower ferrous structure 
20 disposed adjacent to but displaced from the lower 
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pole assembly 14. Non-ferrous structural mounting ele- 
ments (not shown) interconnect the upper pole assem- 
bly with the upper ferrous structure and the lower pole 
piece with the lower ferrous structure. A patient support 
surface 22 is supported adjacent the lower pole assem- 
bly for supporting a patient in the examination region 1 2. 
The patient support surface 22 is preferably movable in- 
to and out of the patient examination region 1 0 such that 
patients can be loaded and unloaded displaced from the 
pole assemblies. 

[001 6] In the preferred embodiment, the pole assem- 
blies 10, 12 are of the same construction and are mirror 
image symmetric about a horizontal plane through the 
examination region. Each includes an annular super- 
conducting magnet 30 suspended in a helium can 32. A 
Rose ring assembly 34 is mounted inside the magnet 
axially symmetric relative to the magnet. Due to this ax- 
ial symmetry, the natural magnetic attraction between 
the magnet and the Rose ring is such that the magnet 
is urged to center itself axially on the Rose ring. In this 
manner, if the magnet should be shifted axially relative 
to the Rose ring, the natural magnetic interaction be- 
tween the magnet and the Rose ring draws the magnet 
back toward the center position on the Rose ring. The 
magnet 30 is positioned closer to the Rose ring than to 
a lip 36 on the bottom edge of the top and bottom ferrous 
structures such that the magnetic interaction forces be- 
tween the magnet 30 and the lip 36 are significantly 
smaller than the magnetic interactive interaction forces 
between the magnet and the Rose ring assembly 34. In 
this manner, the magnet is subject to a net force toward 
an axially balanced position, such that the force does 
not change sign during ramp up and ramp down. 
[0017] In order to limit saturation of the Rose ring, the 
Rose ring includes an outer, more massive portion 40 
away from the examination region, an inner portion 42 
closer to the examination region, and a gap 44 therebe- 
tween. In the preferred embodiment, the gap 44 is an 
air gap on the order of 10-15 mm. Optionally, other non- 
ferromagnetic materials may be disposed in the gap. 
Splitting the Rose ring increases the uniformity of the 
magnetic flux density across the Rose ring. 
[0018] A plurality of annular ferrous and permanent 
magnet shim rings 46 are mounted inside the Rose ring. 
The exact positioning, size, and spacing of the rings 
and, if permanent magnets their polarity, is selected to 
optimize uniformity of the magnetic field in the examina- 
tion region 10. Preferably, four concentric iron rings are 
positioned to shim the spherical harmonics to a homo- 
geneity of better than 5-20 ppm in the imaging volume. 
Preferably, these rings are made of silicon iron (SiFe) 
sheet wound into cylinders to reduce magnetic hyster- 
esis effects of gradient coil pulses. The ferrous shim 
rings 46 are mounted in supporting structure, preferably 
a non-ferrous supporting structure, such as fiber rein- 
forced epoxy, aluminum, or the like. 
[0019] Radio frequency excitation and receive coils 
50 are disposed adjacent the imaging volume. Of. 



course, other radio frequency coil constructions, such 
as surface coil or localized coils mounted directly to ap- 
propriate portions of the patient support, mounted in the 
patient support 22, and mounted to the patient are also 
5 contemplated. 

[0020] Primary gradient magnetic field coils 52 are 
disposed behind the radio frequency coil. In the illustrat- 
ed embodiment, the gradient coil 52 is mounted in front 
of the shim rings 46 and a shield gradient coil 54 is 
10 mounted behind the primary gradient coil. Optionally, 
both portions of the gradient coil may be mounted in 
front of or behind the shim rings. 
[0021] In operation, a sequence control circuit 60 con- 
trols gradient coil amplifiers 62 and a transmitter 64 in 
15 accordance with a preselected magnetic resonance im- 
aging sequence. The control circuit causes the transmit- 
ter to send radio frequency signals to the radio frequen- 
cy coil 50 to induce magnetic resonance in tissue or oth- 
er dipoles in the imaging volume 1 0. Additional radio fre- 
quency signals are typically sent to manipulate the mag- 
netic resonance. Gradient current pulses from the gra- 
dient coil amplifiers to the gradient coils and the shield 
coils to induce magnetic field gradients as are required 
by a conducted imaging sequence. The radio frequency 
coils 50 or localized radio frequency coils and a radio 
frequency receiver 66 receive and demodulate the in- 
duced magnetic resonance signals. The received mag- 
netic resonance signals are reconstructed by a recon- 
struction processor 68, preferably using a two-dimen- 
sional inverse Fourier transform algorithm, into an elec- 
tronic image representation for storage in an image 
memory 70. A video processor 72 under the control of 
an operator control panel withdraws selected portions 
of the reconstructed image representation and converts 
them into appropriate format for display on a video, LCD, 
active matrix, or other human viewable monitor 74. 
[0022] With reference to FIGURE 2, the Rose ring 34 
can have more than two segments. In the embodiment 
of FIGURE 2, the Rose ring includes a multiplicity of fer- 
rous discs 80 separated by thin gaps or layers of dielec- 
tric material 82. The layers of dielectric material may be 
a series of thin annular discs. Alternately, dielectric coat- 
ings on the ferrous discs may provide the thin, controlled 
gaps 82. 

[0023] The Invention has been described with refer- 
ence to the preferred embodiments. Obviously, modifi- 
cations and alterations will occur to others upon reading 
and understanding the preceding detailed description. 
It is intended that the invention be construed as includ- 
ing all such modifications and alterations insofar as they 
come within the scope of the appended claims or the 
equivalents thereof. 



1 . Magnetic resonance apparatus comprising: a mag- 
netic field source for generating a magnetic field ax- 
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ially through an examination region; a Rose ring dis- 
posed adjacent the examination region and posi- 
tioned such that the magnetic field extends axially 
through the Rose ring, the Rose ring including: at 
least two axially displaced Rose ring segments. 5 

2. Magnetic resonance apparatus as claimed in claim 
1 , wherein the source of magnetic flux includes: an 
annular magnet extending peripherally around and 
axially centered on the Rose ring, such that mag- 10 
netic attractive forces between the Rose ring and 

the magnet pull the Rose ring and the magnet into 
an axially centered alignment. 

3. Magnetic resonance apparatus as claimed in claim * 5 
1 or claim 2, wherein the Rose ring includes: a mul- 
tiplicity of axially spaced annular discs. 

4. Magnetic resonance apparatus as claimed in claim 

3, wherein the discs are ferromagnetic and are sep- 20 
arated by dielectric layers. 

5. Magnetic resonance apparatus as claimed in any 
one of claims 1 to 4, further including: a plurality of 
annular shim rings disposed concentrically with the 25 
Rose ring and the magnet, the annular shim rings 
each being at least one of ferromagnetic and per- 
manently magnetic. 

6. Magnetic resonance apparatus as claimed in any 30 
one of claims 1 to 5, wherein the Rose ring and the 
annular magnet are disposed above the examina- 
tion region and further including: an overhead fer- 
rous structure disposed axially above the annular 
magnet and the Rose ring, the annular magnet be- 35 
ing disposed sufficiently closer to the Rose ring than 

the overhead ferrous structure that magnetic attrac- 
tion forces between the annular magnet and the 
Rose ring dominate magnetic forces between the 
magnet and the overhead ferrous structure. *o 

7. Magnetic resonance apparatus as claimed in any 
one of claims 1 to 6, further including: a lower fer- 
rous structure disposed below a lower pole assem- 
bly; and a ferrous flux return path extending be- *5 
tween the overhead and lower ferrous structures. 

8. Magnetic resonance apparatus as claimed in any 
one of claims 1 to 7, further including: a radio fre- 
quency coil mounted adjacent the examination re-. $o 
gion within the Rose ring assembly; a gradient mag- 
netic field coil for creating magnetic field gradients 
across the examination region mounted within the 
Rose ring assembly; a sequence control processor 

for controlling a magnetic resonance imaging se- 55 
quence; gradient amplifiers which operate under 
control of the sequence control processor to cause 
the gradient magnetic field coils to generate mag- 
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netic field gradient pulses; a radio frequency trans- 
mitter operated under the control of the sequence 
control processor to cause the radio frequency coil 
to generate radio frequency pulses; a radio frequen- 
cy receiver for receiving and demodulating magnet- 
ic resonance signals emanating from the examina- 
tion region; and a reconstruction processor which 
deconstructs the modulated magnetic resonance 
signals into an image representation. 

9. A magnetic resonance method comprising: induc- 
ing a magnetic field axially through an examination 
region; improving homogeneity of the magnetic field 
with an annular Rose ring having a plurality of axi- 
ally separated Rose ring segments surrounding the 
magnetic field. 

10. A method as claimed in claim 9, wherein the mag- 
netic field is induced by an annular magnet sur- 
rounding the Rose ring and wherein a ferrous struc- 
ture is disposed adjacent and displaced from the 
Rose ring and the annular magnet, further includ- 
ing: positioning the annular magnet relative to the 
Rose ring and the ferrous structure such that mag- 
netic attractive forces between the magnet and the 
Rose ring dominate magnetic attractive forces be- 
tween the magnet and the ferrous structure and 
such that the magnetic attractive forces between 
the Rose ring and the magnet urge the magnet and 
the Rose ring into an axially centered alignment. 
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(57) A pair of pole assemblies (12,14) are disposed 
on opposite sides of an examination region (10). A fer- 
rous flux return path includes an overhead ferrous struc- 
ture (18) above the upper pole assembly and a lower 
ferrous structure (20) adjacent to the lower pole assem- 
bly. The pole assemblies include a Rose ring assembly 
(34) having axiaiiy spaced segments (40, 42) with an 
axial gap (44) in between. Magnetic attractive forces be- 
tween an annular magnet (30) and the Rose ring urge 
the Rose ring and the magnet into an axially centered 
alignment. The magnet of the upper pole piece assem- 
bly (12) is attracted toward the overhead ferrous struc- 
tu re (1 8) and toward the lower pole piece assembly (1 4), 
as well as toward the Rose ring. The magnet is also po- 
sitioned such that the magnetic attractive forces be- 
tween the magnet and the Rose ring dominate magnetic 
attractive forces between the overhead ferrous structure 
and the magnet. In this manner, the magnet is subject 
to a net force toward an axially balanced position, such 
that the force does not change sign during ramp up and 
ramp down. 
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